ester prodrug of ganciclovir, has become available and has been administered for the induction and maintenance therapy of CMV retinitis in patients with AIDS [4] . The drug has been approved by the US Food and Drug Administration for induction therapy and prevention of CMV-associated diseases in solid organ transplant recipients [5] .
Alterations of the function of the immune system, the use of immunosuppressive drugs, and comorbidity are main risk factors for infection. Thus, various infectious complications are frequent in patients with rheumatic diseases [6] . TNF-a plays a central role in the immune response to infection and inflammation. It is characterized by various biological activities, including T and B cell activation, increased expression of class II major histocompatibility complex, and platelet activation and adhesion [7, 8] . TNF-a is a cytokine that mediates host-resistance against microorganisms, especially intracellular microbes [9] . It is believed to play a key role in the pathogenesis of rheumatoid arthritis [8, 10] and Cohn disease [11] ; therefore, therapies using anti-TNF-a antibodies have been approved for the treatment of both diseases [12, 13] . Infliximab (Remicade; Centocor) is a chimeric monoclonal antibody, binding with high avidity and specificity to both soluble and membrane-bound forms of TNFa [14, 15] . Inhibition of TNF-a with biologicals may alter physiological functions, and thus lead to an increased vulnerability to primary infection or reactivation of a latent infection.
CASE REPORT
A 57-year-old woman with a 10-year history of rheumatoid arthritis (RA) was admitted to our hospital (University Hospital Ulm, Germany) in March 2002 with a slowly progressing visual impairment of the right eye that had first been noticed 3 months earlier. Funduscopy revealed creamy intraretinal infiltrates with hemorrhages and vitreous opacities (figure 1). The visus was reduced to 30%. At the time of admission to the hospital, physical examination revealed a limitation in flexion and extension of the right knee but no joint swelling. A 2-phase bone scintigraphy revealed accumulated tracer uptake at multiple sites: both knees, both hips, both thenar saddle joints, the proximal interphalangeal joints of several fingers, the acromioclavicular joints, and the lumbar spine.
After an initial diagnosis of RA, the patient was treated with corticosteroids and sulfasalazine. In 1998, the treatment regimen was changed to a monotherapy with 15 mg per week of methotrexate administered orally. This treatment was ineffective in suppressing the inflammation in the patient's knees, hips, acromioclavicular, and finger joints. Therefore, in December 1999, therapy was switched to cyclophosphamide (150 mg q.d.) and azathioprin (150 mg q.d.). From May 2000 through March 2002 (the date of her admission to our hospital), the patient also received anti-TNF-a antibodies (infliximab) at monthly intervals (3 mg/kg, administered intravenously). The initial WBC count was 3800 cells/mL, with 3300 neutrophils/ mL and 200 lymphocytes/mL. The hemoglobin level was 11.0 g/ L, and the platelet count was 168,000 cells/mL. Liver function tests revealed normal values, except for a slightly elevated gglutamyltranspeptidase (g-GT) level of 28 U/L (normal value, 4-18 U/L). ELISA analysis showed an anti-CMV IgG of 13.5 and an anti-CMV IgM of 1.0 (a negative result was defined as 0.0-0.9). The level of CMV pp65 antigenemia, as determined by immunofluorescence, was very high, with 2400 positive cells per 500,000 cells counted. Avidity analysis of the CMV antibodies at the time of admission revealed an elevated avidity (index value, 0.96) and an elevated titer of neutralizing antibodies (1:256). Infections with HIV-1 or HIV-2, varicella zoster virus, herpes simplex virus and Epstein-Barr virus were excluded. The immunological parameters at the time of admission, at follow-up during antiviral therapy, and at cessation of treatment with immunosuppressive drugs are given in table 1.
Specific antiviral therapy was conducted with parenteral ganciclovir (400 mg b.i.d.), followed by a maintenance therapy with oral valganciclovir (900 mg q.i.d). The antiviral therapy was discontinued after 5 months because of test results negative for CMV pp65 antigenemia and a stable retinal finding (figure 2). Five weeks after discontinuation of antiviral therapy, the patient presented again at our outpatient clinic with a visual loss of 60% of the contralateral (left) eye. Funduscopy revealed a CMV-associated retinitis-at this time, in the left eye-with creamy intraretinal infiltrates associated with hemorrhage, varying calibre of retinal arteries, and peripheral nonperfusion (so- called "ghost vessels"). CMV pp65 antigenemia was detectable again, with 11 cells positive for CMV pp65 antigen (figure 3). Induction therapy was conducted with oral valganciclovir (900 mg b.i.d.) for 3 weeks and was thereafter reduced to a daily single dose of 900 mg. After and during therapy with this dosage, CMV pp65 antigenemia has not been detected for 112 months at the time of writing (figure 3). Initially, the cellular immune status was severely impaired, and it partially recovered during the 18 months after cessation of immunosuppressive therapy and antiviral treatment (table  1) . CMV-specific CD8 + T cells, as determined by tetramer staining, were present at a very low frequency (0.91% of all CD8 + T cells) at the time of admission (figure 4). After 12 months of therapy, the CMV-specific CD8 + T cells increased in frequency (to 6.65% of total CD8 + T cells) and showed a phenotype of CD8 + CD45RO + CD27 Ϫ CD28 Ϫ , consistent with differentiated memory CD8 + T cells (figure 4).
DISCUSSION
In this patient, a severe human CMV retinitis occurred after immunosuppressive therapy, including therapy with an anti-TNF-a antibody (infliximab). Five weeks after cessation of antiviral maintenance therapy with valganciclovir, CMV retinitis occurred in the contralateral eye. Initially, an extremely elevated pp65 antigen level of 2400 positive cells could be detected, indicating a severe systemic active infection. The high avidity of anti-CMV IgG antibodies and the high titer of neutralizing antibodies observed at the time of diagnosis are more likely to implicate a reactivation of CMV infection than a primary in- fection. At the time of relapse, the CMV pp65 antigen level was not as elevated as it was initially (11 positive cells, compared with 2400 positive cells; figure 3 ). The relapse underlines the need for stringent control of the CMV antigen level and for a therapy interval of 16 months in patients with general immunosuppression. The patient in this case had been treated with various diseasemodifying antirheumatic drugs (DMARDs). Infliximab has been approved by the German health authorities for use only in combination with methotrexate and has not been approved for concomitant use with other immunosuppressive drugs. The combination of an anti-TNF-a antibody with cyclophosphamide and azathioprin may have led to severe infectious complications, as in this case. The CMV infection became apparent while the patient was receiving therapy with the combination containing the anti-TNF-a antibody but was not apparent earlier.
The patient's CMV-specific CD8 + T cell count, as determined by staining with CMV-specific tetramers, was increasing while she recovered. This might reflect the immunological response to the virus during the CMV infection. Also, the CD8 + CD45RO
+ CD27 Ϫ CD28 Ϫ T cells increased in number, which corresponds to a late-stage phenotype of memory CD8 + T cells [15] . The appearance of these CD27 Ϫ CD28 Ϫ late-stage effector cells in the clinical course in our patient after recovery might reflect virus entering the latent stage, which would be consistent with the course of CMV pp65 antigenemia. Therefore, maintenance therapy with oral valganciclovir was terminated again. At the time of writing, there is no evidence for a reactivation of CMV disease in this patient. The Anti-TNF Trial in Rheumatoid Arthritis with Concomitant Therapy (ATTRACT) demonstrated that therapy with anti-TNF-a antibodies combined with methotrexate had better efficacy than therapy with methotrexate alone in patients with RA [16] . In this trial, a significantly higher incidence of infections was reported among patients receiving therapy with anti-TNF-a antibodies: 44% of patients receiving infliximab needed to be treated with antibiotics, but only 35% of patients in the cohort who received methotrexate alone needed antibiotic therapy [17] . Certain infectious diseases showed a higher incidence in the group receiving infliximab than in the group that did not; these diseases included upper respiratory tract infection, sinusitis, and pharyngitis. The frequency of infections that required hospitalization was similar in both groups; these infections included septicemia, pneumonia, bronchitis, peritonitis, pyelonephritis, cellulitis, mycosis, and herpes simplex [16] . A series of other pathogens, including Listeria monocytogenes, causing diseases and serious bacterial infections have been reported in patients treated with infliximab [18] . These reports are summarized in table 2. The particular focus is on tuberculosis (TB), because the estimated incidence of TB in patients with RA who were treated with infliximab was calculated to be 24.4 cases per 100,000 patients, compared with the background Figure 4 . Detection of cytomegalovirus (CMV)-specific CD8 + lymphocytes by tetramer staining for a pp65-derived epitope peptide at the time of diagnosis (A) and after 12 months of antiviral therapy (B) (lymphocyte-gated and CD8 + -gated). Phycoerythrin (PE)-labeled tetrameric complexes binding the HLA-A*0201-matched CMV peptide pp65 495-503 (NLVPMVATV) were purchased from ProImmune. The analysis was performed according to the manufacturer's instructions. Allophycocyanin (APC)-labeled CD28 antibody was purchased from BD Biosciences. Analysis was performed on a FACSCalibur flow cytometer using the MultiSET software (BD Biosciences). [21] .
a Infections were in the lungs (4 patients), eyes (1 patient), and colon (1 patient).
incidence of TB in patients with RA of 6.2 cases per 100,000 patients [19] . Clinical benefits for patients with RA or psoriatic arthritis treated with anti-TNF-a antibodies have been demonstrated [20] [21] [22] . No significant differences have been observed in the incidence of infectious diseases in patients with RA who receive etanercept, compared with patients with RA who receive other DMARDs [21] . Infections of the upper respiratory tract were reported more often than other infectious diseases in patients with RA who received etanercept. Serious infections requiring hospitalization were rather rare and did not increase in frequency during treatment with etanercept. No reports of TB or other opportunistic infections were obtained during the trial that compared etanercept therapy with methotrexate therapy [21] . However, postmarketing surveillance revealed the occurrence of bacterial, viral, fungal, and protozoal pathogens in patients receiving etanercept therapy [23, 24] .
The newest anti-TNF-a antibody is adalimumab, the first completely humanized IgG class I antibody against TNF-a. The clinical efficacy of therapy with adalimumab alone, compared with therapy with methotrexate alone, in patients with RA has been demonstrated in the Anti-Tumor Necrosis Factor Research Study Program of the Monoclonal Antibody Adalimumab (D2E7) in Rheumatoid Arthritis (ARMADA) trial [25] . The number of infections (52.2% vs. 49.4%) or serious infections (1.3% vs. 1.9%) did not differ significantly between the antibody and placebo groups, respectively.
In the case of human CMV, TNF-a can inhibit CMV production in certain cell types [26, 27] , and the CMV major immediate early promoter is inhibited by TNF-a [28] . Therefore, blocking of TNF-a might act synergistically and strengthen the CMV infection. TNF-a inhibits apoptosis via activation of nuclear factor-kB, which upregulates antiapoptotic molecules [29] . In acute CMV infections, the level of TNF-a is elevated, which indicates a pivotal role for TNF-a in host immune re-sponse to human CMV. In HIV-infected patients, impaired TNF-a production in CMV-specific T cells was associated with susceptibility to CMV infection, including CMV retinitis [30, 31] . Therefore, decreased levels of TNF-a as a result of either immunological impairment or anti-TNF-a antibody therapy may lead to higher susceptibility to CMV-related end-organ diseases.
CMV causes serious infections in patients who have undergone allogeneic stem cell transplantation. It has been shown that measurement of either CMV-specific CD4 + T cells or CD8 + T cells could help to evaluate the risk for progressive CMV infection after allogeneic stem cell transplantation [32, 33] . Impaired function of CMV-specific CD8 + T cells seems to be more important than the inability to recover sufficient absolute numbers of CMV-specific CD8 + T cells in determining susceptibility to CMV disease [34] .
RECOMMENDATIONS
In the light of our reported case and other CMV infections observed in patients receiving therapy with anti-TNF-a antibodies, we recommend that patients receive a careful examination for end-organ manifestations of CMV infection (including an ophthalmogical examination) before the initiation of therapy with anti-TNF-a antibodies. CMV pp65 antigen levels or quantification of CMV DNA from leukocytes should be assessed in symptomatic patients with clinical signs such as visual impairment, cough and dyspnea, or diarrhea, which can indicate end-organ manifestations of CMV infection.
Patients who receive anti-TNF-a antibodies and show reactivation of CMV (defined as a laboratory finding of у2 leukocytes positive for pp65) or the presence of clinical symptoms should receive either intravenous ganciclovir or valganciclovir as treatment. To prevent a relapse of disease, secondary prophylaxis with either oral ganciclovir or valganciclovir should be conducted for 16 months.
